Objective: Previous research demonstrates inconsistent effects of hyaluronate (HA) viscosupplementation on patients with knee osteoarthritis (OA). The purpose of this study was to evaluate factors that predict clinical response to a single intra-articular injection of Hylan GF-20. Methods: This was an observational study of 55 patients with knee OA, scheduled to receive intra-articular injections of Hylan GF-20. These patients met the institution's guidelines for use of viscosupplementation, which entails failure/intolerance of medical management of OA. At baseline, patients completed a series of questionnaires, including the Knee Injury and Osteoarthritis Outcome Score (KOOS) and Patient Health Questionnaire (PHQ-9) depression score. Questionnaires were repeated at three months post-injection. A clinical responder was someone with a change in KOOS score which exceeded the mean minimal detectable change (MDC) values calculated based on test-retest reliability coefficients reported in four prior studies. Hypothesized predictors of response included PHQ-9 score, baseline visual analog scale (VAS) pain score, age, body mass index (BMI), and Kellgren score. Results: There were 35 responders and 20 non-responders. There were no statistically significant differences between responders and non-responders for any of the primary predictors. There were no differences for secondary predictors, including history of knee injury or smoking, prior HA injection, prior intra-articular corticosteroid injection, or location of OA. There was a moderate negative correlation between age and change in total KOOS score (r = −0.32, p = 0.01). Conclusions: Our research did not confirm previous predictors of response to hyaluronate injections, and highlighted the need for prospective studies in order to answer this question.
Introduction
Hyaluronate (HA) viscosupplementation is one of the treatments for knee osteoarthritis (OA). HA is a critical component of normal synovial fluid and is necessary for joint homeostasis [1] . Osteoarthritic synovial fluid demonstrates a marked decrease in the concentration and molecular weight of HA [1] [2] . These alterations lead to dramatically poorer viscous and elastic properties of synovial fluid, and thereby distort normal joint mechanics [1] . There are several proposed benefits of viscosupplementation on cartilage and synovium, based on both in-vitro and animal studies. These include decreased synovial inflammation, direct analgesic effects, and prevention of further chondrocyte degradation [3] - [6] .
Hylan GF-20 (Synvisc®) is a high molecular weight HA derivative (6 × 10 6 Daltons) obtained by reticulation of HA from rooster combs. The initial treatment schedule in knee osteoarthritis consisted of three intra-articular injections of 2 mL Hylan GF-20 at 1-week intervals. In 2009, Synvisc-One® was approved for a single 6 mL intra-articular injection treatment regimen given every 6 months. This schedule was effective in two controlled studies versus placebo [7] [8] . Hylan GF-20 was approved in Europe in 1995 and in the United States in 1997 as a medical device. Given their high cost, HA injections are currently offered at the Philadelphia VA Medical Center (PVAMC) when treatments such as oral analgesics and intra-articular corticosteroids (ICS) are ineffective.
The efficacy of HA injections is controversial and a topic of debate. A Cochrane review of 76 trials in 2006 found improvements in pain and function with HA [9] , yet a recent review of 89 trials concluded otherwise, with criticisms concerning the quality of the trials [10] . The authors of the present study have clinically observed that some patients appear to respond well to injections, while others do not. Unfortunately, there are few studies investigating how to select patients who are most likely to benefit from HA. In an effort to most effectively utilize this costly therapy, the objective of this study was to look for factors that may predict clinical response to a single intra-articular injection of Hylan GF-20 (Synvisc-One®).
Methods
This was an observational study of 55 subjects at the PVAMC with knee osteoarthritis. The study protocol was approved by the institutional review board at the PVAMC.
Participant Selection
Participants had OA diagnosed by either a rheumatologist or an orthopedic surgeon, and were already scheduled to receive viscosupplementation with Hylan GF-20 (Synvisc-One®) based on PVAMC formulary guidelines. These guidelines required failure or intolerance of oral analgesics, physical therapy/brace support, weight loss and/or ICS injections. Patients with a history of inflammatory arthritis were excluded. Figure 1 summarizes the study design. Subjects were given informed consent the day that they were scheduled to receive their HA injection, at either the rheumatology or orthopedic surgery clinic. At that time, a physical examination of the target knee was performed by the treating provider. During the same visit, subjects completed the Knee Injury and Osteoarthritis Outcome Score (KOOS) and the nine-item Patient Health Questionnaire depression score (PHQ-9). The sequestionnaires are described below (see "Measurement Tools"). In addition, all subjects completed an initial assessment form, which included information about medical history, demographics, previous knee injury, and other previous treatments for knee OA. All subjects were required to have a weight bearing radiograph of the target knee within the previous two years. At subjects were asked to complete and return (by mail) the KOOS and PHQ-9. A series of letters and reminders were used to assure that the three-month forms were completed.
Study Design

Measurement Tools
Two rheumatologists independently determined the radiographic severity of knee osteoarthritis based on the Kellgren-Lawrence scoring system [11] . Score discrepancies were reviewed jointly to arrive at a final score. The KOOS is a 42-item questionnaire that is used to assess patients' opinion about their knee osteoarthritis. It scored on a zero to 100 scale, with zero representing the most severe symptoms. In addition to an overall score, the KOOS includes subscale scores for symptoms, pain, function (activities of daily living), sports/recreational activities, and quality of life. The questions are identical to the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), with the addition of the sports/recreational activities and quality of life sections. It is a valid, reliable, and responsive outcome measure compared to the WOMAC [12] [13] . The PHQ-9 depression score is a nine-item, validated, self-administered questionnaire that is widely used to assess for the presence and severity of depression [14] .
Hypothesized Clinical Predictors
The primary hypothesized clinical predictors of clinical response included Kellgren score, age, body mass index (BMI), PHQ-9 score, and baseline visual analog scale (VAS) pain score. Secondary hypothesized predictors included history of knee injury, prior HA or ICS injections, location of OA (medial, lateral, patellofemoral, tricompartmental), disability status, smoking history, history of narcotic use, and use of assistive devices (i.e., canes, braces, or walkers).
Study Outcome
The primary outcome was clinical response to therapy, which was defined using established minimal detectable change (MDC) thresholds for the KOOS. The MDC represents the amount of change that must be achieved to reflect a change in clinical status that exceeds the measurement error inherent in a given instrument [15] 
Statistical Analysis
A multivariate logistic regression model with forced entry was used to determine which of the hypothesized primary clinical variables were predictive of response to therapy. Pairwise t-tests and chi-square tests were used to explore and examine differences in clinical characteristics between responders and non-responders. This study was powered to detect moderate to large changes between responders and non-responders (age > 8 years, BMI > 5 kg/m², VAS pain scale > 3 points). Based on calculations for age, BMI, and VAS pain scale, and given a two-tailed αof 0.05 and desired power (1-β) of 0.8, the sample size would have needed to be ≥52 subjects.
Results
Patients
Between March 2012 to March 2013 61 subjects were enrolled, with five lost to follow-up and one withdrawal. Thus, 55 subjects were included in the study. Of those 55, 35 were classified as clinical responders and 20 were clinical non-responders (Figure 2) . Baseline demographic and clinical characteristics are shown in Table 1 . The predominant patient population was men (44/55 subjects) of African American descent (35/55), as this is also a common population at the PVAMC. The mean BMI was 32, consistent with obesity. Kellgren scores were variable, with a score of two seen most frequently (42%) and a score of four seen least frequently (9%). Nearly all subjects (49/55) had medial compartment OA. Approximately half of the subjects had a history of knee injury and/or previous HA injection. Only 2/55 subjects had radiological meniscal calcinosis.
Predictors of Clinical Response
A pairwise analysis of predictors at three months did not demonstrate any difference between responders and non-responders for PHQ-9 depression score, baseline VAS pain score, age, BMI, or Kellgren score (Figure 3) .
A multivariate logistic regression model using forced entry for the primary predictor variables did not reveal any statistically significant predictors (p = 0.451 for the overall model) ( Table 2) . Likewise, additional exploratory multivariate logistic regression models using various combinations of predictors failed to reveal any statistically significant predictors. Analysis of secondary predictors of outcome did not show any difference between responders and non-responders for history of knee injury, prior HA or ICS injection, history of smoking, or location of OA ( Table 3 ). 
Interesting Correlation
The data were further examined to determine whether there were possible correlations between our hypothesized predictors and changes in total KOOS score. This was thought to represent changes that may have existed, but were perhaps too weak to be revealed in our classification system for defining responders. There was a moderate negative correlation between age and change in total KOOS score at three months after HA injection (r = −0.34, p = 0.01), which implies that increasing age was associated with smaller changes in the total KOOS score at OALibJ | DOI:10.4236/oalib.1100700 6 August 2014 | Volume 1 | e700 three months.
Discussion
Prior research investing predictors of response to HA in individuals with knee osteoarthritis has been limited by ill-defined criteria for determining clinical response. The present study sought to explore clinical predictors of response to HA by defining response based on established MDC valuesof a valid and reliable outcome measure. Neither Kellgren score, age, BMI, PHQ-9 depression score, nor baseline VAS pain score were found to be factors predictive of clinical response to a single intra-articular injection of Hylan GF-20 at three months. Other predictors, including history of knee injury, prior HA or ICS injections, smoking status, and location of OA were also not predictive of clinical response.
Conrozier et al. found that the presence of a moderate sized effusion, radiological meniscal calcinosis, and joint space loss in a single compartment were predictors of response to viscosupplementation [20] . In our study, the presence of effusion was not evaluated and the latter two factors were not predictive of response. However, the present study only had two subjects with meniscal calcinosis. The discrepant results in the present study, especially with regard to single compartment involvement, may be due to the method for defining response. The present study used an objective measure of outcome, as opposed to Conrozier et al., whose measure of response was a qualitative measure. In that retrospective study, a responder was defined as someone who endorsed a "satisfied" response to HA injection based on a phone interview.
In 2004, a meta-analysis of 20 randomized controlled trails by Wang et al. found that age > 65 and advanced radiographic stage were predictors of clinical non-response [21] , neither of which were predictive in our study. The authors defined response using an "efficacy score," which was arrived at using a series of calculations based on pain intensity differences as a function of time. This is a scoring system that is not a standardized, validated measure of outcome, in contrast to our study, which utilized established MDC thresholds for a valid and reliable outcome measure. This ensured that patient-reported changes exceeded test-retest measurement error.
Our study did find a moderate negative correlation between age and change in total KOOS score. Similarly, in Wang's study, older age was found to be a predictor of non-response. Although age was only moderately negatively correlated to change in KOOS score in the present study, there does appear to be some relationship between age and HA response. It would be worthwhile to examine further why older patients have a smaller change in their total KOOS score after three months. Are older patients with OA overall much less active? This is one explanation to account for the little fluctuation in total KOOS score seen in this population three months post-injection.
The strengths of this study include a quantitative measure of outcome and few subjects lost to follow-up at three months. Also, the fact that this was an observational study allowed for assessment of "real world" effects of hyaluronate injections. The observational nature of this study also is a limitation, as there was no control group. There are also other limitations. There was an element of selection bias, as only subjects who were permitted to receive HA injections based on pre-set PVAMC criteria were included. This limited the study population to a more refractory group of individuals, as they had to have failed or been intolerant of other medical therapies. This study was also powered to detect medium to large differences for our predictors, so it is possible for smaller differences to have been missed. However, one can argue whether or not very small differences would even be clinically relevant.
Of note, none of the knee injections were performed using ultrasound guidance. There is evidence that ultrasound guided knee injection improves accuracy, with more likelihood of the injection entering the joint space [22] . Based on this data, it is theoretically possible that a percentage of the HA injections did not enter exactly into the joint space. It would be of interest to investigate whether or not the outcomes would be different using ultrasound guided technique.
Conclusion
In conclusion, there continue to be no clearly identified clinical predictors to help guide the clinician's decision to administer intra-articular HA. It remains important to determine which patients will benefit most from HA injections, particularly given the high cost associated with these injections. Although the present study did not reveal any factors that predicted efficacy of viscosupplementation in knee OA, it was only powered to detect moderate large changes in predictors. There was a moderate negative correlation between age and change in to-
